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New precise determination of the r lepton mass at KEDR detector* 
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The status of the experiment on the precise r lepton mass measurement running at the VEPP-4M collider with 
the KEDR detector is reported. The mass value is evaluated from the r + r~ cross section behaviour around the 
production threshold. The preliminary result based on 6.7 pb -1 of data is m T = 1776.80±g;g ±0.15 MeV. Using 
0.8 pb _1 of data collected at the ip' peak the preliminary result is also obtained: Y eE -B TT (?//) = 7.2 ± 2.1 eV. 



1. Introduction 

The r lepton mass, m T , is one of the fundamen- 
tal characteristics of the Standard Model. To- 
gether with the lifetime and the decay probability 
to ev e v T this value can be used to test the lep- 
ton universality principle which is one of the pos- 
tulates of the modern Electroweak theory. The 
world average value m T = 1776.99lg'2g III * s dom- 
inated by the result of the BES collaboration [5] 
which statistical analysis and uncertainty estima- 
tions were recently discussed in Refs. [3] and [I]. 
Thus, the additional measurements are desirable 
to improve the mass accuracy and ensure future 
progress in the lepton universality tests. 

The direct method of the r mass determination 



'Partially supported by the Russian Foundation for Ba- 
sic Research, Grants 01-02-17477, 04-02-16745-a, 05-02- 
16594-a, 05-02-16798-a and the Presidential Grant for Sci- 
entific School Support NSh-905.2006.2. 



is a study of the threshold behaviour of the t + t~ 
production cross section in e + e _ collisions as it 
was done in the experiments [5] and then [2] . The 
key question of such experiments is the precision 
in the beam energy determination. The impor- 
tant feature of the present work is an application 
of two independent methods of the beam energy 
measurement, while the previous experiments re- 
lied on the extrapolation based on the J /if) and 
ip 1 mesons as reference points. It should be noted 
as well that the beam energy in our experiment is 
monitored with the accuracy better than 5 • 10 -5 
and the absolute energy calibration is done with 
the precision of 1 • 10 -5 . 

2. VEPP-4M collider and KEDR detector 

The VEPP-4M / VEPP-3 accelerator complex 
is presented schematically in Figure [1] The 
VEPP-4M collider [5] has the circumference of 
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Figure 1. VEPP-4M / VEPP-3 accelerator com- 
plex in the energy calibration mode: (a) - Tou- 
schek polarimeter, (b) - Compton backscattering 
monitor; spin polarization time t p is for 1.85 GeV. 

366 m and operates in 2x2 bunches mode. The 
beam energy can vary in the range of 1-^6 GeV, 
the peak luminosity at the r-production thresh- 
old E beam « 1.78 GeV is about 2-10 30 cm^s^ 1 . 

The beams, optionally polarized, are injected 
from the VEPP-3 booster at the energy up to 
1.9 GeV. This allows to apply the resonant depo- 
larization method (RDM) [7] for the precise en- 
ergy calibration. The Touschek (intra-beam scat- 
tering) polarimeter of VEPP-4M (Figure QJi) re- 
quires special runs for the calibration. During 
data taking, the beam energy can be monitored 
using the Compton backscattering (CBS) of the 
infra-red laser light (Figure[]J>) by the method de- 
veloped at the synchrotron light source BESSY-I 
[8]. The statistical accuracy of the single mea- 
surement is about 100 keV, the systematic un- 
certainty of the method verified by the resonant 
depolarization is close to 60 keV. 

The KEDR detector [9] consists of the vertex 
detector, the drift chamber, the time-of-flight sys- 
tem of scintillation counters, the particle identi- 
fication system based on the aerogel Cherenkov 
counters, the calorimeter with the longitudinal 
segmentation (the liquid krypton in the barrel 
part and the Csl crystals in the end caps) and 
the muon tube system inside the magnet yoke. 
Currently KEDR operates at the magnetic field 
of 6 kGs. 

The longitudinal segmentation of the calorimc- 
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Figure 2. e + e~ — * t + t~ cross section near 
threshold as function of the beam energy (dot- 
ted line - Born approximation; dashed line - plus 
the Coulomb interaction, the final state radiation 
and the vacuum polarization; dash-dotted line - 
plus initial state radiation; solid line - plus the 
beam energy spread). 

ter provides good e/ir identification used to select 
t + t~ events. 

3. Experiment scenario 

A cross section of the process e + e~ — > t + t~ 
measured at certain center-of-mass energy W is 
expressed as 
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where the first integral stands to take into ac- 
count c.m.s. energy spread, aw, the second one 
accounts the energy loss due to the initial state 
radiation 10J, while 
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includes the Coulomb interaction correction 
F c (/3) = (na/f3)/(l — exp (—na//3)), the final state 
radiative correction F r (f3) [11) and the vacuum 
polarization effect |1 — II(T / F)| 2 . The quantity 
/3=(1-(2to t /1F) 2 ) 1 / 2 is the t lepton velocity. 

Due to Coulomb interaction of the produced r + 
and t~ the cross section energy dependence 
has a step at W — 2m T (Figur^l). 
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Figure 3. The VEPP-4M operation scenario in 
2005-2006 (in 2004-2005 only high-rate Compton 
backscattering measurements were used, incom- 
patible with the data taking) . 
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Figure 4. A typical resonant depolarization run: 
the ratio of the intrabeam scattering rates from 
the unpolarized and polarized bunches minus one. 



The narrow region of a few MeV around the 
threshold is most sensitive to the mass value. For 
this reason the following scan scenario was cho- 
sen: 70% of the integrated luminosity C are taken 
at three points E oeam — m T — 0.5, m T , m r +0.5 MeV 
with the world average value of m T , 15% of 
the data are collected well below the threshold 
to fix the background level as and remaining 
15% - well above the threshold to determine 
the effective detection efficiency e. The interval 
of ±0.5 MeV covers possible uncertainty of the 
mass; a few additional points above the thresh- 
old were foreseen to increase the robustness of the 
three-parameter data fit. 

4. Beam energy determination 

A conventional way of the beam energy deter- 
mination is a calculation based on the measured 
magnet currents. It provides the relative accu- 
racy that seems to be not better than 3 • 10 -4 . 
The uncontrollable energy variations are of the 
same order of magnitude. Thus the precise beam 
energy calibration is required for the r mass de- 
termination and, at least, the reliable energy sta- 
bility tests are necessary for an accurate uncer- 
tainty estimate. 

In the previous KEDR experiments on the high 
precision J/ip and ip' meson mass measurements 
[T2] various sources of the systematic uncertain- 
ties in the beam energy determination were thor- 



oughly studied to achieve a 10 keV accuracy. 

In this experiment the basic energy calibrations 
were performed by the resonant depolarization 
with the smoothing interpolation of the RDM 
results between the calibrations as described in 
Ref. T2j (the guiding field measurements and the 
ring and the tunnel temperature measurements 
are employed for the interpolation). 

The improvements of the Touschek polarimeter 
(Figure la) done since 2003 have allowed to oper- 
ate at -Ef, eam «1772 MeV, where the polarization 
lifetime is < 1000 sec because of the closeness of 
the integer spin resonance v = A (1762.59 MeV). 
However, the absence of polarization in VEPP-3 
at the energy region of 1700-^1830 MeV forced to 
employ the complicated machine operation sce- 
nario shown in Figure [31 After staying in the 
threshold region the magnetization cycle must be 
performed in VEPP-4M to inject the polarized 
beam above the region quoted. This and also 
some forced changes in the accelerator cooling 
system reduced the accuracy of the energy in- 
terpolation between the calibrations from 8 keV 
obtained in [12] to 30 keV. 

The resonant depolarizations were performed 
normally once per day with the accuracy bet- 
ter than 20 keV. The results of the typical reso- 
nant depolarization run is shown in Figure 2] Be- 
tween the depolarizations the energy was directly 
measured using the CBS monitor (Sec. [5] and 
Figure [3]) with the statistical accuracy of about 
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Figure 5. A typical fit of the Compton backscat- 
tering spectrum edge (5.78 MeV) accounting for 
the background and the detection efficiency vari- 
ations. 

100 keV. The multiparameter fit of the Compton 
spectrum edge is shown in Figure It accounts 
for the nonuniform background and the detection 
efficiency variations. 
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Figure 6. An example of VEPP-4M energy be- 
havior, April 2006. 

An example of VEPP-4M energy behavior dur- 
ing three successive runs is presented in Figure [6] 
The RDM measurements were performed at the 
start of each run. During the run the energy value 
were measured by CBS and evaluated using in- 
terpolation. The values obtained by these two 
methods are mostly in agreement. The system- 
atic difference in the beam energy obtained by 
the interpolation of resonant depolarization data 
and by the CBS measurement sometimes reaches 
100 keV. It's a subject of further investigations; 
some corrections can be applied post factum. The 
magnetization cycles allow to reproduce the ma- 
chine energy with the accuracy ~ 140~ 4 , however, 



it is not a limiting factor for the mass measure- 
ment accuracy. 

5. Energy spread determination 

To calculate the t + t~ cross section from Eq.Q] 
the cm. energy spread aw must be known with 
the high accuracy. The VEPP-4M settings re- 
lated to the beam energy spread were optimized 
for the t mass experiment and kept unchanged 
since 2004. 

The three scans of if)' and one scan of J / ip per- 
formed in 2004-2006 to determine aw in the vicin- 
ity of the t threshold resulted in 

a w (if>') = 1.15 ±0.02 ±0.03 MeV, 
a w (J/ip) = 0.72 ±0.01 ±0.02 MeV. 

At the J /if) peak the 11% deviation from the ex- 
pected value of aw{if>') x (Mj^/M^) 2 exists. A 
similar deviation took place during the J / ip- and 
of i(>' -mass measurements [12] with the different 
spread-related settings. 

Assuming the linear growth of the deviation 
with W — M^i we obtained 

a w (2m T ) = 1.07 ± 0.02 ± 0.04 MeV. 

No essential dependence of the energy spread on 
the beam current was observed at the if)' region 
neither in the resonance scans nor by means of 
the beam diagnostic [T5] , 

6. Selection of r events 

To diminish systematic uncertainties the event 
selection criteria were chosen as loose as possible 
when a background was kept to be negligible. The 
two-prong events due to 

e + e~— > (r — ► ev T v e , nv T v^, ttu t , Kv Tl pv T ) 
(t — > ev T v e )* 
+ c.c. 

were selected. At least one track must be iden- 
tified as an electron using the signal in the 
calorimeter and the momentum measurements. 
The fi/ir/K identification was not applied; it 
does not reduce the systematic uncertainty of 
the mass. No photons with E 1 > 30 MeV were 
allowed. The other cuts were E < 2200 MeV, 



p T > 200 MeV, p T /(W-E) > 0.06, where p T is 
the total transverse momentum, E is total energy 
of the detected particles and W — 2Ef )eam . 
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Figure 7. The distributions in the px over the 
missing energy (W— E) (left) and in the invari- 
ant mass of the detected system (right); the real 
data (small statistics) and the simulation (high 
statistics). 

With such cuts the residual background 
(mainly two-photon) is expected to be uniform 
in the energy region of the experiment. Accord- 
ing to the Monte Carlo calculations, the detection 
efficiency at the r threshold is about 2.5% with 
the relative reduction by 10% at W = 3777 MeV. 

The distributions in some parameters of inter- 
est for the real data and the simulation are pre- 
sented in Figure [71 

7. Preliminary results 

The preliminary results of the t + t~ threshold 
scan are collected in Table [T] and presented in 
Figure [U The energy (E) assigned to the point 
is the average of all measured values. The corre- 
sponding standard deviation Se is related to the 
machine energy instability and is much less than 
the beam energy spread ge ~ crw/V^- 

To determine the value of r lepton mass the 
log-likelihood fit of the observed number of events 
in the nine points were done. The expected num- 
ber of events in the point was parameterized as 

ni = (Er i a(2(E) i ,m T ) + a B )Ci, (3) 

where e, m T and ob are the free parameters of 
the fit defined in Sec. [21 and r-j is the relative ef- 
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Table 1 

The summary of the t + t~ threshold scan data: 
(E), Se - the time average of the beam energy 
and the corresponding standard deviation, C - 
the integrated luminosity, N TT - the number of 
events, a° b T s - the observed cross section. 
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(pb) 
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0.228 
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49 


50.7i?J 
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ficiency variation obtained with the Monte Carlo 
simulation. The cross section o~(W,m T ) was cal- 
culated according to Eq. [1] with the additional 
term describing ip' production and decay; it con- 
tains T ee -B TT {ip') as an additional free parameter. 

The fit yielded in 

m T = 1776.80±g;l| MeV, 

e = 2.29 ±0.25 %, 

a B = 0+ - 57 pb, (4) 
T ee -B TT {^') = 7.2 ±2.1 eV, 
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Figure 8. The observed t + t~ cross section versus 



the beam energy. 
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Table 2 

The preliminary estimates of the systematic un- 
certainties in the t lepton mass (kcV). 



Sum in quadrature 150 
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the background is consistent with zero. 

The preliminary estimates of the systematic 
uncertainties in m r are summarized in Ta- 
ble [2] The detector-related uncertainties, cur- 
rently dominating, can be substantially reduced 
with further data analysis. 

8. Conclusion 

The r-threshold experiment with the precise 
beam energy monitoring is in progress at the 
VEPP-4M collider with the KEDR detector. The 
preliminary result on the r lepton mass 

m T = 1776.801^23 ± °- 15 MeV 

is in good agreement with the world average 

m T = 1776.99±°;^ MeV [J 

and has approximately the same accuracy. 

Using 0.8 pb _1 at the ip' peak the following 
preliminary result was obtained for the tp' — > rr 
decay probability: 

T ee -B TT {ip') = 7.2 ±2.1 eV, 

The product of the world average values pQ is 
(T ee )-(B TT ) (VO = 6.9 ± 1.7 eV. 

Data taking for this experiment is continued 
with a goal to achieve a 0.15 MeV accuracy in the 
r mass. The accuracy of -0' — ► tt decay proba- 
bility will be also well improved. 
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